Introduction
Examination of the association between body sway and performance in pistol shooting has produced conflicting results in the literature (Iskra et al., 1988; Aalto et al., 1990; Mason et al., 1990) . Further, only a weak association has been found between aim point fluctuation and performance (Mason et al., 1990) . While these studies noted associations within individuals tested, no statistical analyses of intraindividual performance have been reported. Use of mean individual data is a limitation of these and many studies in elite sport with only inter-individual analyses and no intra-individual analysis reported. This can eliminate important information from the data and will provide non-specific analyses for the elite sports people involved. The aim of this study was to examine the relationship between body sway and performance and between aim point fluctuation and performance in pistol shooting, using both inter-and intra-individual analysis.
Method
Five elite level 10 m air pistol shooters performed 20 shots under simulated competition conditions. Shooters stood on an AMTI LG6-force plate during performance. Force plate data was sampled using a 16-bit ADC system and smoothed using a Butterworth digital filter (4 Hz cut-off). Body sway was indicated by centre of pressure (CP) range and CP length perpendicular to (CPxRange, CPxLength) and parallel to (CPyRange, CPyLength) the line of shot during the 1s before shot. Aim point fluctuation on the target and performance were measured using the SCATT shooting analysis system. Aim point fluctuation was indicated by aim point length in the horizontal (LengthX) and vertical (LengthY) axes, relative time spent inside the 10 ring on the target (Std10.0, indicating accuracy of aim point hold) and relative time spent in an area the size of the 10 ring, independent of location on target (Std10a0, indicating quality of aim point hold) in the 1s before shot. Performance was indicated by the shot score (out of 10.9). Figure 1 shows the test set-up. Multiple regression and correlation analyses were conducted on intra-individual data. Multiple regression analysis was performed using the Best Subsets approach outlined by Daniel and Woods (1980) using Minitab statistical software. Briefly, the Best Subsets approach calculates regressions for all combinations of independent variables. The regression equation that returns the best multiple R 2 value with the minimum total square error of the regression is chosen as the best representation of that relationship. Due to small subject numbers, correlation analysis only was performed on inter-individual data.
To further explore the use of inter-and intra-individual analyses and to assess the previous inter-individual based research, a power analysis using techniques detailed by Cohen (1969) was conducted.
Results and Discussion
Intra-individual analysis using multiple regressions indicated that body sway was related to performance in no shooters at p ≤ 0.01, one shooter at 0.01 < p ≤ 0.05 and one shooter at 0.05 < p ≤ 0.1. Aim point fluctuation was related to performance for one shooter at p ≤ 0.01, two shooters at 0.01 < p ≤ 0.05 and one shooter at 0.05 < p ≤ 0.1. These relationships were specific to the individual, with the strength of association and parameters of importance different for different shooters. Correlation analysis of significant regressions indicated that as body sway increased, performance decreased. This was an expected result, as an increase in body sway will decrease the stability of the gun and make it more difficult to control the gun alignment on the target, decreasing the chance of hitting the higher score rings at the centre of the target. Also as expected, as aim point fluctuation increased, performance decreased. On a general level, greater aim point fluctuation may indicate poorer aim point control. More specifically, an increased aim point fluctuation might be expected to increase the time spent on lower scoring rings. Both factors will reduce the chance of scoring highly for a shot.
Inter-individual analysis showed no relationship between body sway and performance and only one correlation between aim point fluctuation and performance (Std10.0-Score, r = 0.95, p = 0.02) significant at p ≤ 0.05. However, with N = 5, power was low in these statistical analyses, and a very large r (> 0.88) was required for significance at p < 0.05. Power in this study averaged only 34% for inter-individual correlation analysis, which is well below the 80% recommended by Cohen (1969) . In the only other study examining elite level pistol shooters (Mason et al., 1990) , power was also low (26% on average for body sway-performance correlations, <28% in multiple regression analysis assuming eight variables used).
The issue of low statistical power will always exist in biomechanical testing in elite sport due to small numbers of subjects. The subject pool is small and inter-nation testing is uncommon. In the case of this study, only 9 elite shooters existed in Australia where elite was defined as engaged in international competition at the time of testing. Further, as the difference between elite performers is very small, effect sizes in most parameters of interest can be expected to be small. To obtain Cohen's (1969) recommended power of 80% for a correlation study when a small effect size is anticipated (0.1), 700 shooters would be required, 110 shooters for a medium effect size (0.3) and 36 shooters for a large effect size (0.5). This reinforces the need for intra-individual analysis to support any research in the elite field. Further, as indicated in this study, performance factors differ between individuals, making intra-individual analysis essential for the individual shooter's improvement.
Conclusion
Body sway and aim point fluctuation are associated with performance in elite level pistol shooting for some but not all shooters. Further, performance errors are highly individual-specific at this level. Intraindividual analysis should be a priority when examining elite level sports performance.
